Abstract -Aspicilia volcanica from Heilongjiang in Northeast China is described as new to science. The species is characterized by the thin grayish olive thallus, moniliform branched anastomosing paraphyses, and the presence of stictic and hypostictic acids. It grows on volcanic rock in temperate region. ITS nrDNA sequence analysis supports the taxonomic distinctness of this species.
Introduction
The lichen-forming ascomycete genus Aspicilia A. Massal. (Pertusariales, Megasporaceae) displays a considerable range of morphological variation (Sohrabi et al. 2011) . Within the genus a number of species have radiating thalli and elongate, often ± diverging and ± branched marginal areoles, closely attached to the substratum (Nordin et al. 2011) . Aspicilia s. lat (which in the traditional sense includes Cicinaria, Lobothallia, Sagedia, and Teuvoa) has a worldwide distribution and covers a diverse assemblage of 200-250 species (Kirk et al. 2010 , Sohrabi et al. 2013 . Forty-four species of Aspicilia s. str. (which includes Teuvoa) have been previously been reported from China (Wei 1991 , Abbas & Wu 1998 , Sohrabi et al. 2010 , Li et al. 2013 ), but only two Aspicilia species (A. subdepressa, A. transbaicalica) were reported from Northeast China (Wei 1991 , Li et al. 2013 .
During a study of the lichen genus Aspicilia in China, some interesting specimens were collected from the Wudalianchi volcanic mountains, Heilongjiang, Northeast China. Careful morphological and anatomical examination combined with chemical and nrITS sequence analyses has confirmed one representative, here described Aspicilia volcanica, as new to science.
Materials & methods
Specimens were collected from the Wudalianchi Scenic Area, Wudalianchi City, Heilongjiang Province, China, and are preserved in Lichens Research Center in Arid Zones of Northwest China, Xinjiang University, Urumqi, Xinjiang, China (XJU). The lichen specimens were examined morphologically using a Leica Zoom 2000 dissecting microscope and anatomically with an Olympus CH compound microscope. Sections, mainly cut by hand, were studied in water. Chemical constituents were identified by thin-layer chromatography using solvent systems A, B, and C (Orange et al. 2010) . Photos of the thallus and anatomical structures were taken with a Nikon Eclipse E200 stereomicroscope with Canon Digital Camera Powershot A640 and Nikon Digital Camera D50.
DNA extraction, PCR amplification, & sequencing: DNA was extracted using DNAsecure Plant DNA Kit (Tiangen, China). PCR amplification followed Martín et al. (2003) and the manufacturer's recommendations (Tiangen, China). The whole nrITS region (ITS1-5.8S-ITS2) was targeted using the primers ITS1-F (Gardes & Bruns 1993) and ITS4 (White et al. 1990 ). Thermocycling protocols were 95°C for 3 min linked to 35 cycles at 94°C for 30 s, 54°C for 30 s, and 72°C for 1 min, with a final extension of 72°C for 10 min. PCR products were screened on 1% agarose gels stained with ethidium bromide and sequenced by the Genewiz Inc. (Beijing).
Phylogenetic analysis & sequence comparison: We generated one ITS sequence (KM609324) and aligned it with 34 representatives (including Lobothallia alphoplaca as the outgroup) both by ClustalW and Muscle implemented in MEGA 6 (Tamura et al. 2013) , then optimized manually. The alignment matrix of 501 nucleotide positions was submitted to TreeBase (S16691).
A phylogeny was inferred by the Maximum Likelihood method based on the TamuraNei model in MEGA6 and by using Bayesian inference based on GTR model with rates=Invgamma in MrBayes (Huelsenbeck & Ronquist 2011) . For ML analysis, initial tree(s) for the heuristic search were obtained by applying the Neighbor-Joining method to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter = 0.4216)).
Results & Discussion

ITS sequence analysis
The ITS sequence analysis supports A. volcanica as a separate species (Fig. 1) within the A. cinerea-group with close affinities to the common species, A. cinerea (query cover 100%, 93% identity and 2% gap). Aspicilia volcanica is also close to A. laevata (query cover 91%, 90% identity, 1% gap) and A. indissimilis (query cover 92%, 90% identity, 1% gap). Thallus grayish olive to olive, areolate to rimose, thin; margin flat, elongated, branching and diverging, thin, creamy white or whiter than thallus. Areoles irregular to angular and slightly verrucose, flat to ± convex, somewhat ± dispersed; separated by cracks and uneven, 0.2-0.5 mm wide and up to 1.2 mm long. Cortex paraplectenchymatous, 26-39 µm thick, uppermost part greenish black, without crystals, K-, covered with an epinecral layer, 5-10 µm thick. Medulla lax and K-. Hypothallus white or whiter than thallus, smooth at margins. Photobiont chlorococcoid, cells ± round, 8-18 µm in diam.
Apothecia aspicilioid, usually rather common, 1-2 per areole, irregular and sometimes round or angular, 0.3-0.7 mm in diam. disc black, concave, epruinose. Thalline margin flat to elevated in older apothecia, concolorous with or whiter than thallus, 0.1-0. Comments -When first collected in the field, A. volcanica was regarded as representing the common A. cinerea (type species of the genus), which differs by its gray to almost white thallus with quite large, sometimes confluent apothecia, a brown to olive-brown epihymenium, slightly shorter ascospores (usually <20 µm long), pycnidia and conidia present, and the presence of norstictic acid (Owe-Larsson et al. 2007 ). Aspicilia volcanica is further distinguished by its smaller somewhat ± dispersed areolae, cortex without crystals, smaller apothecia, and larger ascospores. Previous studies that have used DNA sequence data for species recognition in lichens required both diagnostic morphological differences and genetic distance in single-locus nrITS sequence (e.g., Nordin et al. 2011 , Han et al. 2013 . Our morphological and molecular data for A. volcanica match these criteria.
